Purpose: To investigate if including evaluation of acrosome index (AI) in the semen
INTRODUCTION
Ever since the intracytoplasmic sperm injection (ICSI) method was introduced in assisted reproduction in the early 1990s, it has been of interest to find methods to predict which patients really benefit from this treatment, so as not to overuse the more invasive and potentially more risky ICSI technique. In 1986, the "strict criteria" for evaluating sperm morphology was introduced (1) and it was found that poor fertilization in conventional in vitro fertilization (IVF) occurred to a higher degree if the percentage of normal spermatozoa in the ejaculate was below 5% (poor prognosis group). Many groups have since reported that sperm morphology evaluated according to strict criteria is a good predictor for the fertilization rate in vitro (2) (3) (4) (5) . However, when ICSI is performed there does not seem to exist any relationship between sperm morphology and fertilization and/or pregnancy rates (6) (7) (8) (9) (10) . In some of these studies, it was shown that a large group of patients obtained good fertilization rates after conventional IVF despite poor sperm morphology. In a previous study from our group (9) , it was found that although the overall fertilization rate when using conventional IVF was significantly lower in the poor prognosis group compared to the good prognosis group (35 vs. 68%), a fertilization rate >50% was obtained with conventional IVF in as much as 36% of the cycles in the severely teratozoospermic group. Since ICSI is a more expensive and time-consuming technique, it would thus be very valuable to be able to distinguish this "high fertilization" subgroup from those patients where it is necessary to perform ICSI to obtain an acceptable fertilization rate.
It has been proposed (11, 12) that the presence of morphologically normal acrosomes is of more importance for normal sperm-zona pellucida interaction than the overall sperm morphology alone, and that the morphology of the acrosome could thus be used as an additional parameter for predicting fertilization potential in conventional IVF. In previous studies (13, 14) , it was also shown that sperm morphology and a normal intact acrosome were significantly correlated to fertilization rate in vitro. The proportion of spermatozoa with intact acrosomes in the insemination medium was also significantly correlated to the fertilization rate in vitro, but only in the poor morphology group (<30% normal forms according to the WHO criteria).
The aim of this study was to investigate whether including evaluation of acrosome index (AI) in the semen analysis for the poor prognosis group could help to predict for which patients ICSI treatment is necessary to obtain an acceptable fertilization rate. Comparisons between IVF and ICSI treatment concerning fertilization rate, pregnancy rate, and percentage of good quality embryos were also performed.
MATERIAL AND METHODS
This prospective study performed from 1997 to 1999 consisted of 81 consecutive couples undergoing a split IVF/ICSI cycle at the Unit for Reproductive Medicine at Sahlgrenska University Hospital, Göteborg, Sweden. "Split cycles" or "50/50 cycles" are regularly performed at our unit if the percentage sperm morphology is below 5% and if at least one million progressive motile spermatozoa are obtained after preparation of the sperm sample by the swim-up procedure. This means that the oocytes from each patient are divided into two groups (if at least 8-10 oocytes are obtained) and both ICSI and IVF are performed in the first cycle. Sperm morphology, teratozoospermia index (TZI), and AI were analysed and possible correlation to the fertilization rate after conventional IVF and ICSI, respectively, was studied.
In Vitro Fertilization Protocol
The women were downregulated with the GnRH agonist Buserelin (Suprefact or Suprecur Hoechst, Frankfurt am Main, Germany) for 3-5 weeks, starting on Cycle Day 21 or 1, and then stimulated with daily s.c. injections of recombinant FSH (Gonal-F , Serono Laboratories, Geneva, Switzerland, or Puregon , N.V. Organon, 5340 BH Oss, The Netherlands), followed by hCG (Profasi, 10,000 IU i.m., Serono). Oocyte retrieval was performed 36-38 h later by transvaginal ultrasound-guided pick up. Oocytes were collected alternately for IVF and ICSI. For conventional IVF, oocytes were inseminated with a sperm concentration of 200,000/mL 4-5 h after oocyte retrieval, and in the ICSI cycles oocytes were denuded using Hyase-10 (80 IU/mL) (Scandinavian IVF Science, Göteborg, Sweden) before ICSI was performed. All oocytes were screened for fertilization 18-20 h after insemination and the appearance of two pronuclei was considered normal fertilization. After a further 24 h of culture, embryo development was recorded. Embryos were scored as Grades 1-4, where Grade 1 embryos have even-sized blastomeres, no fragmentation, and a smooth cytoplasm without vacuoles. Grade 2 is defined as embryos with even or uneven-sized blastomeres and/or less than 20% fragmentation, and/or sligthly nonhomogeneous cytoplasm. Grade 3 and 4 embryos have 20-50% or >50% fragmentation, respectively, and/or granulated cytoplasm with or without vacuoles. Transferable embryos were defined as Grade 1 or 2 embryos with at least 4 blastomeres on Day 2 or at least 6 blastomeres on Day 3. The best embryos were selected for transfer independently of the method used for the insemination (IVF or ICSI), although mixed transfers (i.e. one embryo from each IVF and ICSI treatment) were avoided as far as possible. Embryo transfer (ET) was performed if at least two embryos had reached the 4-cell stage. Otherwise culture was continued another 24 h before ET was performed. All embryos were cultured in IVF TM -50 medium (Scandinavian IVF Science, Göteborg, Sweden). In this study, a maximum of two embryos were transferred and all normally developed not-transferred embryos were cryopreserved. Fertilization and pregnancy rates were calculated as well as the percentage of good quality embryos (number of embryos good enough for ET or freezing divided by the number number of fertilized oocytes).
Semen Analysis
Ejaculates were collected after 3-5 days' sexual abstinence and were left to liquefy for 20-30 min. Semen analysis was performed according to the World Health Organization guidelines (15) except for the morphology, which will be described separately.
Sperm preparation was performed using a direct swim-up method where 0.5-1.0 mL of the ejaculate was added to the bottom of a conical 15 mL Falcon tube containing 1.5 mL of IVF medium. After incubation for 45-60 min at 37
• C and 5% CO 2 , 1.0 mL of the supernatant was collected and washed once with IVF medium at 200 × g for 5 min. The pellet was resuspended in IVF medium before evaluation of concentration and motility was performed. Samples were diluted to a concentration of 200,000/mL before insemination/microinjection.
Morphological Evaluation
For the morphological evaluation, thin smears were prepared using 5-10 µL of the ejaculate. Slides were air dried before fixation in 95% ethanol and staining with a modified Papanicolau technique as previously described (16) . Sperm morphology was evaluated according to strict criteria (17) and the acrosome morphology was evaluated on the same slide as described previously (11) . Acrosomes were considered normal if clearly visible, well defined and comprising 40-70% of the sperm head. No more than two vacuoles were allowed. In addition to normality according to strict Tygerberg criteria, slightly abnormal as well as slightly and moderately elongated spermatozoa with normal acrosomes were classified as normal. These evaluations were always performed by the same trained technician and 200 spermatozoa were evaluated on each slide under oil immersion at a magnification of 1000×. To evaluate intraobserver reproducibility of the AI, five smears were reevaluated a total of 10 times each. Coefficients of variation varied between 5.6 and 11.4% (5.6, 11.4, 9.4, 8.6, and 6.9%). Head, neck, and tail defects or combinations of these were recorded separately and TZI (15) was calculated. AI was calculated by dividing the number of spermato- zoa with normal acrosomes by the total number of spermatozoa evaluated.
Statistical Analysis
Results were calculated and presented by descriptive statistics and Student's pairs test was used for comparisons of IVF and ICSI results for the whole study population. The Mann-Whitney U-test was used for the comparisons between the different AI groups. To obtain the optimal AI cutoff value sensitivity and specificity were calculated for the different AI values. For categorical data, a Chi-square test in a 2 × 2 table was used. A p value <0.05 was considered statistically significant.
RESULTS
To obtain an AI cutoff value for 50% fertilization after conventional IVF sensitivity and specificity were calculated for the different AI values. The optimal cutoff level was found at an AI of 7%, giving a sensitivity and specificity of 81 and 62%, respectively. The 81 patients were therefore divided into two groups according to AI; Group A <7% and Group B ≥7% normal acrosomes. As can be seen in Table I , there was no statistically significant difference in male age or any of the sperm parameters between the two groups.
When comparing results for the whole study group (Table II) , no significant difference was found in the overall fertilization rate between IVF and ICSI treatment. The percentage of good quality embryos and the possible ET rate (i.e. the percentage of cycles where enough good quality embryos to perform a transfer were obtained) was higher after ICSI treatment than after conventional IVF treatment, while the pregnancy rate per transfer was significantly higher after conventional IVF than after ICSI (57.0% compared to 25.0%). Complete fertilization failure occurred in 13.6% of IVF cycles, and in total, in 40.7% of IVF cycles no good quality embryos were obtained, compared to 1.2 and 13.6%, respectively, in ICSI cycles (Table II) .
When dividing results into AI Groups A and B (Table III) , the fertilization rate, possible ET rate, and percentage of good quality embryos in group A were higher after ICSI than after conventional IVF. In Group B, the fertilization rate and pregnancy rate were numerically, but not significantly, higher after IVF compared to ICSI. The percentage of good quality embryos was similar after IVF and ICSI treatment. 
DISCUSSION
In conventional IVF, the sperm must be able to bind to and penetrate the zona pellucida (ZP) as well as complete the acrosome reaction before fusing with the oolemma. A defective acrosome may impair fertilization by preventing the acrosome reaction occurring and thus inhibit the penetration (18) . When using the ICSI technique, several of these fundamental spermegg surface interactions, including the acrosome reaction, are being bypassed.
ICSI is, however, a more invasive, time-consuming and also a more expensive procedure than conventional IVF, and many groups deal with the problem of how to choose which couples really need to be treated by this method. Sperm morphology, at least when using strict criteria, is considered to be one important predictor for the outcome of fertilization and pregnancy after conventional IVF (1, 4, 5, 17, 19) . However, it has been shown that good fertilization as well as pregnancy rates can also be obtained in the poor prognosis group (9, (20) (21) (22) .
In a previous study (11) , promising results were presented from a group of 33 unselected patients where sperm morphology and AI were shown to correlate to fertilization rate in vitro. Additional results from an ongoing study of 110 patients have also been presented (12) , where it was found that when using a cutoff point of ≥9% normal acrosomes for ≥50% fertilization in vitro the AI had a better predictive value than the overall sperm morphology alone.
In this study, 5 out of 42 patients in Group B (AI ≥ 7%) had a fertilization rate less than 50% (81% sensitivity), while more than half (21/39) of the patients in Group A (AI < 7%) had ≥50% fertilization (62% specificity). The cutoff value of 9% with high values for sensitivity (84%) and specificity (91%) reported (12) could thus not be confirmed in this study. One reason for this may be interlaboratory differences in the analysis of the AI. Another reason might be that in our study only poor prognosis patients were included while in the study by Menkveld et al. (11) , sperm morphology varied between 1 and 22% normal forms.
Concerning the use of ICSI instead of IVF, it was seen in this study using sibling oocytes, that altogether 68% (55/81) of the patients obtained a fertilization rate of at least 50% with conventional IVF, while in 11 cycles out of 81 no oocytes were fertilized after conventional IVF (Table II) . After ICSI treatment, only one cycle with complete fertilization failure occurred. This is in agreement with the results in another study also using sibling oocytes (10) , where fertilization was obtained in 90% of IVF cycles and in 100% of ICSI cycles in the teratozoospermia group. In this study, the "possible ET" rates for ICSI-and IVF-embryos respectively are presented (Tables II and III) as in most cases ET was performed with embryos only from one method while the remaining good quality embryos were frozen. In 24 of 81 cycles (30%), no ET would have been possible without applying the ICSI technique.
In the study by Pisarska et al. (10) , it was found that ICSI increased the number of fertilized oocytes by 18% compared to IVF in the group with severe teratozoospermia (<5% normal forms) as the only cause of subfertility. This was not confirmed in this study where the overall fertilization rate was similar for ICSI and IVF (Table II) . When comparing ICSI and IVF results in Group B (AI ≥ 7%) (Table III) , we found that the fertilization rate and pregnancy rate/ET rate were actually higher after conventional IVF compared to ICSI, although not significantly.
It has been proposed that poor sperm morphology may influence not only the fertilization rate but also early embryo development and fragmentation (23, 24) . In this study, approximately 27% of "ET failures" in the IVF group and 12% in the ICSI group were due to other reasons than poor fertilization, such as a poor cleavage rate or poor embryo quality.
It has been shown (25) that insemination using high sperm concentrations in patients with severe teratozoospermia can increase fertilization rates after conventional IVF, but did not result in more good quality embryos or higher pregnancy rates. In another study (26) , it was shown that by insemination of at least 25,000 acrosomally normal spermatozoa in patients with poor acrosomal morphology, fertilization and pregnancy rates reached similar levels as in couples with normal acrosome morphology.
In a previous study (13) it was shown that the number of spermatozoa with intact normal acrosomes in general was increased by the swim-up procedure but this varied among different patients. Thus, poor acrosome morphology in the ejaculate can be compensated for by a higher concentration of acrosomally normal spermatozoa in the insemination medium. This might be one reason why the fertilization rate is still high in some patients with a poor AI.
It is obvious that there is a lack of standardization of methods used and there is also a high interand intralaboratory variability in the evaluation of sperm morphology. The reliability of results is therefore limited. In the future, computerized sperm analysis (CASA) may have the potential to eliminate subjectivity of manual readings and thereby increase accuracy and reproducability. It would also be valuable if a more differentiated evaluation was possible, e.g. analysis of acrosome defects.
In conclusion, this study demonstrates that the AI evaluation will not accurately predict the fertilization potential of a poor prognosis sperm sample. It does show, however, that a sperm sample with a morphology below 5% normal forms and an AI above 7% has a mean fertilization rate following conventional IVF of approximately 70%, compared to a mean fertilization rate of approximately 40% for an AI < 7%.
Performing an AI analysis in men with severe teratozoospermia as the only sperm factor (constituting approximately 20% of patients attending our IVF unit) imposes an extra workload on the IVF laboratory. This might be compensated for by the reduced number of ICSI cycles needed. However, in our opinion, the performance of 50% ICSI in the first treatment cycle for the poor prognosis patients seems to be the optimal method at present. If computerised morphological assessment is more readily available in the future, the inter-and intralaboratory variability may be greatly reduced, making it easier to perform comparative studies. Evaluation of sperm morphology and AI in combination with number of total motile spermatozoa available after sperm preparation may also prove to have a better predictive value for the choice of IVF or ICSI treatment than the basic sperm parameters alone.
